Physicochemical analysis from real-time imaging of liposome tubulation reveals the characteristics of individual F-BAR domain proteins.
The Fer-CIP4 homology-BAR (F-BAR) domain, which was identified as a biological membrane-deforming module, has been reported to transform lipid bilayer membranes into tubules. However, details of the tubulation process, the mechanism, and the properties of the generated tubules remain unknown. Here, we successfully monitored the entire process of tubulation and the behavior of elongated tubules caused by four different F-BAR domain family proteins (FBP17, CIP4, PSTPIP1, and Pacsin2) using direct real-time imaging of giant unilamellar liposomes with dark-field optical microscopy. FBP17 and CIP4 develop many protrusions simultaneously over the entire surface of individual liposomes, whereas PSTPIP1 and Pacsin2 develop only a few protrusions from a narrow restricted part of the surface of individual liposomes. Tubules formed by FBP17 or CIP4 have higher bending rigidities than those formed by PSTPIP1 or Pacsin2. The results provide striking evidence that these four F-BAR domain family proteins should be classified into two groups: one group of FBP17 and CIP4 and another group of PSTPIP1 and Pacsin2. This classification is consistent with the phylogenetic proximity among these proteins and suggests that the nature of the respective tubulation is associated with biological function. These findings aid in the quantitative assessment with respect to manipulating the morphology of lipid bilayers using membrane-deforming proteins.